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2 J. A. S. Lima and J. S. Alcaniz
the dark matter, and simultaneously accounting for the
present accelerated stage of the universe have also been
widely discussed in the literature. Indeed, the absence of a
convincing evidence on the nature of the dark component
has stimulated the debate and theoretical speculations.
Some possible candidates are: a time varying -term (Ozer
& Taha 1986, 1987; Freese et al. 1987; Carvalho et al. 1992;
Waga 1993; Lima and Maia 1994; Lima and Trodden 1996;
Lima 1996; Silveira and Waga 1997), a relic scalar eld
(Peebles 1984; Ratra and Peebles 1988; Caldwell et al. 1998;
Maia and Lima 1999; Lima et al. 2000). Sometimes, the extra
component is named \X-matter", or \quintessence", which





, where !   1 (Turner and White 1997; Chiba et
al. 1997; Efsthatiou 1999; Lima and Alcaniz 2000). In this
case, constraints from large scale structure (LSS) and cosmic
microwave background anisotropies (CMB) complemented
by the SN Ia data, require 0:6  

x
 0:7 and ! <  0:6
(95% C.L.) for a at universe (Perlmutter et al. 1999b;
Efsthatiou 1999), while for universes with arbitrary spatial
curvature the limit is ! <  0:4 (Efstathiou 1999).
In the present work, we focus our attention to this kind
of \quintessence" or \X-matter" cosmology. As a matter of
fact, due to their generality these models merit a broader
discussion. In principle, to check the validity of a theory
or model (for instance, the CDM model), it is interesting
to insert it in a more general framework, herein quantied
by the ! parameter. Taking the limiting case ! =  1, the
CDM results are readily recovered.
In this context, by considering the three above
mentioned OHRG, we derive new limits on the quintessence
parameter !. In particular, by extending the method
proposed in a previous paper (Alcaniz and Lima 1999), we
show that !   0:2 and !   0:4 if the density parameter
lies in the observed range 

M
 0:2 0:4 (Dekel et al. 1996),
with the lower value of 

M
corresponding to higher !.
For a spatially at, homogeneous, and isotropic
cosmologies driven by nonrelativistic matter and a


































































where an overdot denotes derivative with respect to time,
H
o






are the present day matter and quintessence density
parameters. As one may check from (1) and (2), the case
! =  1 corresponds eectively to a cosmological constant.
The age-redshift relation for FRW type universes with this



























; !; z) ; (3)








Before proceed further, we call attention for an




, the age of the Universe predicted by this \quintessence"

































three OHRG reported above. Solid curve correspond to LBDS
53W091, dashed lines to the radio galaxy 3C 65, and dotted lines
to the LBDS radio galaxy 53W069. As explained in the text,
the contours are obtained for the minimal values of T
g
. For each
contour the arrows point to the allowed parameter space, while




. We see that the more restrictive upper limit is provided by
the radio galaxy 53W069 (see also table 1).
model decreases with the increasing of !. Hence, taking for
granted that the age of the Universe in a given redshift is
bigger than or at least equal to the age of its oldest objects,
the existence of these OHRG give rise to an upper bound













 1 ; (4)
where t
g
is the age of an arbitrary object, and f(

M
; !; z) is
the dimensionless integral factor appearing in the expression
for t(z). For each extragalactic object, this inequality denes






. In particular, for
the LBDS 53W091 radio galaxy discovered by Dunlop et





Gyr, which take values on the interval
0:21  T
G
 0:28. The extreme values of T
G
have been
determined by the error bar of h. It thus follows that
T
G
 0:21, and from (2) we see that at this z the matter
dominated at FRW model furnishes an age parameter
T
FRW
 0:16, which is far less than the previous value of
T
G
. Naturally, for a given value of h, only models having
an expanding age parameter bigger than the corresponding
value of T
G
at z = 1:55 will be compatible with the existence
of this galaxy. The standard Einstein-de Sitter FRW model
is (beyond doubt) ruled out by this test (Alcaniz and Lima
1999).
In order to assure the robustness of the limits,
two conditions have sistematically been adopted in our
computations:
(i) The minimal value for the Hubble parameter. In this
case, we use the one obtained by the HST Key project, i.e.,
c
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ii) The underestimated age for all old high redshift
galaxy.
The above conditions are almost self-explanatory when
interpreted in the spirit of inequality (4). First, the smaller
the value of H
o
, the larger the age predicted by the model,
and, second, objects with smaller ages are more easily
accommodated, thereby guaranteeing that the model is
always favored in the estimates presented here. Indeed,
concerning the value of h, and specially its lower bound, we
are being rather conservative since it was recently updated
to nearly 10% of accuracy (h = 0:710:07, 1) by Friedman
and collaborators (1999), and the data from SNe also point
consistently to h > 0:6 or even higher (Perlmutter et
al. 1998, Riess et al. 1998). On the other hand, we also
recall that the best-tting spectral synthesis models has
indicated strong evidence for a minimum age of 4.0 Gyr
for the 3C 65 (z = 1:175) (Stockton et al. 1995), of 3.5
Gyr for the LBDS 53W091 (z = 1:55), and 4.0 Gyr for
the LBDS 53W069 (z = 1:43) (Dunlop et al. 1996; Spinrad
et al. 1997; Dunlop 1998; Dunlop 1999). Even taking into
account the above conditions, the discrepancy between these
observational values and the predictions of a at matter
dominated model is evident. For instance, if h = 0:6, the age
predicted by this model for an object at z = 1:175 is t
z

3.35 Gyr, while for an object at z = 1:55 is t
z
 2.66 Gyr. For
a at universe with cosmological constant (! =  1), these




 0:29 and 


 0:42, respectively. The situation
is even worse if one considers the object at z = 1:43 with
a minimal age of 4.0 Gyr (LBDS 53W069). In this case,
the age predicted is t
z
 2.85 Gyr and the vacuum energy
contribution should be 


 0:5 (Alcaniz & Lima 1999).




a given OHRG, each contour represent the minimal value






) in the respective redshift.
If this parameter is greather, the curves are displaced as
suggested by the arrows in the picture, that is, for the inner
region of each contourn. Thus, if T
g
increases the available
parameter space is diminished, or equivalently, for a given








= 0:2  0:4 (Dekel et al. 1996), which is
used to x the upper limit to the cosmic parameter. Note




 0:3, as sugested by dynamical estimates on scale up
to about 2h
 1
Mpc (Calberg et al.1996; Bahcall & fan 1998),
the age-redshift relation for the LBDS 53W091 contrains !
to be   0:20. If 

M
is the one derived by some analyses




(Tammann 1998), we nd !   0:4. For the radio galaxy 3C




provides !   0:12 and !   0:20, respectively. The
most restrictive upper bounds on ! comes from the radio
galaxy LBDS 53W069. In this case, for 

M
 0:3, we have
!   0:27 whereas for 

M
 0:5, only a CDM model
(! =  1) is compatible with the minimal value of its age
parameter T
g
. In particular these results agree with the
1 upper limit derived by Waga and Miceli (1999) using
statistics of strong gravitational lenses (SGL) and high-z
type Ia supernovae (! <  0:7), as well as with the 2
upper limit obtained by Efstathiou (1999) and Perlmutter
et. al (1999b) using high-z type Ia supernovae and cosmic
microwave background anisotropies (! <  0:6). As one may
see from Fig. 1, for ! =  1 (cosmological constant) the
results above mentioned are recovered (for more details see
Alcaniz & Lima 1999).
At this point it is interesting to compare our results with
some recent determinations of ! derived from independent
methods. Recently, Garnavich et al. (1998) using the SNe
Ia data from the High-Z Supernova Search Team (Riess
et al. 1998) found ! <  0:55 (95% C.L.) for at models
whatever the value of 

M
whereas for arbitrary geometry
they obtained ! <  0:6 (95% C.L.). As commented there,
these values are inconsistent with a unknown component
like topological defects (domain walls, string, and textures)
whose ! =  
n
3
, being n the dimension of the defect. The
results by Garnavich et al. (1998) agree with the constraints
obtained from a wide variety of dierent phenomena (Wang
et al. 2000), using the \concordance cosmic" method. Their
combined maximum likelihood analysis suggests !   0:6,
which is more stringent than the upper limits derived here,




= 0:2   0:4). The main results of the
present paper together with other determinations of ! are
summarized in Table 1.
Finally, we stress that the new constraints on the
\quintessence" parameter presented here reinforce the
importance of old high redshift galaxies as special probes
to the late stages of the universe. Even taking a too
conservative viewpoint that such constraints are only
suggestive (perhaps due to an unknown systematic eect
on the data), our results point consistently to the same
direction, namely: if 

M
> 0:4 a cosmological constant
(w =  1) is favored by the existence of OHGRs (see Table
1). This conclusion is also supported by a more detailed
analysis combining the age of the universe problem and the
H
o
  ! diagram. Thus, it should be interesting to insert
this high redshift method and the related constraints within
the large set of quintessence cosmological tests recently
discussed by Wang et al. (2000).
ACKNOWLEDGMENTS
This work was partially supported by the project
Pronex/FINEP (No. 41.96.0908.00) and Conselho Nacional
de Desenvolvimento Cientco e Tecnologico - CNPq
(Brazilian Research Agency).
REFERENCES
Alcaniz J. S. & Lima J. A. S. Lima, 1999, ApJ, 521, L87
Bahcall N. A. & Fan X., 1998, Publ. Nat. Acad. Sci., 95, 5956
Bolte M. and Hogan C. J., 1995, Nature 376, 399
Calberg R. G., Yee H. K. C., Ellingson E., Abraham R., Gravel
P., Morris S., and Pritchet P. J., 1996, ApJ 462, 32
Caldwell R. R., Dave R., and Steinhardt P. J., 1998, Phys. Rev.
Lett. 80, 1582
Carvalho J. C., Lima J. A. S., and Waga I., 1992, Phys. Rev. D46
2404
Chiba T., Sugiyama N., and Nakamura T., 1997, MNRAS, 289,
L5
c
 1999 RAS, MNRAS 000, 1{4
4 J. A. S. Lima and J. S. Alcaniz







CMB + SNe Ia:........ Turner & White (1997) ' 0:3 '  0:6
Efstathiou (1999)  <  0:6
SNe Ia...................... Garnavich et al. (1998)  <  0:55
SGL + SNe Ia.......... Waga & Miceli (1999) 0:24 <  0:7
SNe Ia + LSS.......... Perlmutter et al. (1999)  <  0:6
Various..................... Wang et al. (2000) 0:2  0:5 <  0:6
Old High-z Galaxies:
z = 1:43................. This paper 0.3 <  0:27
z = 1:43................. This paper  0:5  1
z = 1:55................. This paper 0.3 <  0:20
z = 1:55................. This paper 0.5 <  0:40
z = 1:175............... This paper 0.3 <  0:12
z = 1:175............... This paper 0.5 <  0:20
Dekel A., Burstein D., and White S., in Critical Dialogues in
Cosmology, edited by N. Turok (World Scientic, Singapore,
1997)
Dunlop J. et al., 1996, Nature, 381, 581
Dunlop J., in The Most Distant Radio Galaxies, ed. H. J. A.
Rottgering, P. Best, & M. D. Lehnert, Dordrecht: Kluwer, 71
(1999)
Efstathiou G., 1999, MNRAS, 310, 842
Falco E. E., Kochanek C. S., and Mu~noz J. A., 1998, ApJ, 494,
47
Freedman W. L., in the 18th Texas Symp., eds. A. Olinto, J.
Frieman, and D. Schramm, Singapore:World Scientic (1998)
Freese K., Adams F. C., Friedman J. A., and Mottola E., 1987,
Nucl. Phys. B287, 797
Garnavich P. M., Jha S., Challis P., et al., 1998, ApJ, 509, 74
Kochaneck C., 1996, ApJ, 466, 638
Krauss L., 1997, ApJ, 480, 486
Krauss L. M. and Turner M. S., 1995, Gen. Rel. Grav., 27, 1137
Lima J. A. S., 1996, Phys. Rev. D54, 2571
Lima J. A. S. & Maia J. M. F., 1994, Phys. Rev. D49, 5597
Lima J. A. S. & Trodden M. 1996, Phys. Rev. D53, 4280
Lima J. A. S., Silva A. I., Viegas S. M., 2000, MNRAS 312, 747
Lima J. A. S. & Alcaniz J. A., 2000, A&A, 357, 393
Maia J. M. F. & Lima J. A. S. 1999, Phys. Rev. D60, 101301
Nevalainen J. and Roos M., 1998, A&A, 339, 7
Ozer M. and M. Taha O., 1987, Nucl. Phys. B287, 776
Peebles P. J. E., 1984, ApJ 284, 439
Perlmutter S., Aldering G., Goldhaber G., et al., ApJ, 517, 565
Perlmutter S., Turner M. S., and White M., 1999b, Phys. Rev.
Lett., 83, 670
Pont F., Mayor M., Turon C., and VandenbergD. A., 1998, A&A,
329, 87
Ratra B., & Peebles P. J. E., 1988 Phys. Rev. D37, 3406
Riess A. G., Filipenko A. V., Challis P., et al. 1998, AJ, 116, 1009
Roos M. and Harun-or-Raschid S. M., 2000, prepint astro-
ph/0003040
Sahni V. & Starobinsky A., 1999, preprint astro-ph/9904398
Silveira V. & Waga I., 1997, Phys. Rev. D59, 4625
Spinrard S., Dey A., Stern D., Dunlop J. S, Peacock J. S, Jimenez
R., and Windhorst R., 1997, ApJ, 484, 581
Stockton A., Kellogg M., and Ridgway S. E., 1995, ApJ, 443, L69
Tammann G. A., in " Observed Densities in the Universe"
Space Science Series of ISSI, vol 4, 15
Turner M. S. and White M., 1997, Phys. Rev. D56, 4439
Waga I. and Miceli A. P. M. R., 1999, Phys. Rev D, 59, 103507
Wang L., Caldwell R. R., Ostriker J. P., and Steinhardt P. J.,
2000, ApJ, 530, 17
Weinberg S., 1989, Rev. Mod. Phys., 61, 1







 1999 RAS, MNRAS 000, 1{4
